Abstract-In the present study we reported the feasibility of extracellular biopolymer(PF-9) produced by Pseudomonas fluorescence C-9 as an alternative biosorbent to remove Ni(II) metallic ions from environmental and industrial wastewater. The ability of PF-9 to remove the Ni(II) ions was investigated by using batch biosorption procedure. The effects such as pH, dosage of biosorbent, Ni(II) initial concentration and sorbatesorbent contact time and agitating speed on the adsorption capacities of PF-9 were studied. Biosorption equilibriums were rapidly established in about 60 min and the adsorption kinetics followed the pseudo-second order kinetic model. The maximum Ni(II) adsorption capacity determined from Langmuir isotherm were 82.40 mg /g PF-9 at pH 5.0 ,at 25
INTRODUCTION
The increase of toxic heavy metal contamination in the environment is a significant world-wide problem. The heavy metals, such as lead, cadmium and nickel are among the most common pollutants found in industrial effluents. The removal of these heavy metals from aqueous environment has received considerable attention in recent years due to their toxicity and carcinogenicity which may cause damage to various systems of the human body. Even at low concentrations, these metals can be toxic to organisms, including humans [1] . They also can be readily adsorbed by marine animals and directly enter the human food chains, thus presenting a high health risk to consumers [2] .
Nickel ions are non-biodegradable toxic heavy metals and acute poisoning of Ni(II) causes headache, dizziness, nausea and vomiting, chest pain, tightness of the chest, dry cough and shortness of breath and rapid respiration [3] . The major sources of nickel contamination to water comes from industrial process such as electroplating, battery and accumulator manufacturing, mine producing, metal finishing, mineral processing and porcelain enameling.
Numerous technologies have been developed for the removal of Ni(II) from industrial wastewater, such as adsorption, chemical precipitation, ion exchange, filtration, membrane separation, and reverse osmosis. Among them, biosorption is the process of heavy metal removal by biological materials such as microbial biomass and metabolites [4] . The main advantages of biosorption are high selectivity and efficiency, low cost for preparation and operation [5] . Numerous studies have reported that cell wall biopolymers of microorganisms play a major role in the adsorption of metal ions [6] . However, the use of living cells as biosorbents is not so practical in industrial process because maintaining viable cells during adsorption requires a continuous supply of nutrients and culture conditions free of toxic organics. The use of dead microbial cells, on the other hand, is more advantageous but still difficult to use in column applications mainly due to the difficulty in the separation of biomass after sorption and mass loss during regeneration [5] . Recently, the use of biopolymers, rather than cell itself, for the recovery of valuable metals or the removal of toxic heavy metals from wastewaters has been a topic of intense research to identify cheaper and more efficient biosorbents [7] . Among biopolymers, microbial extracellular polysaccharides have been considered as a better choice due to their ion-exchange properties, excellent selectivity for certain metals, the low production cost, and the broad range of operating conditions [8] .
As most exopolymers produced from bacteria are polar or charged, they can exist in different configurations depending on pH, temperature, ionic strength and background electrolyte in solutions [9] . These factors can change the overall conformation and the orientation of functional groups affecting the effective charge and cation binding property of the biopolymer. Therefore, the aim of this work was to study the utility of the PF-9, which is extracellular polysaccharide, low cost as well as nonhazardous material, as an adsorbent for Ni(II) removal from aqueous solution by static batch experiments. The effect of experimental parameters such as solution pH, sorbent dosage ,initial Ni(II) concentrations and contact time was investigated. Furthermore, equilibrium and kinetic studies on the adsorption of Ni(II) onto the PF-9 were also carried out for the design of adsorption process. Information regarding the binding sites and mechanism of sorption at molecular level has been explored employing Fourier transform infrared spectroscopy (FTIR), scanning electron microscope(SEM).
II. MATERIALS AND METHODS

A. Preparation of Biosorbent and Metal Ions Solutions
Pseudomonas fluorescence C-9 obtained from activated sludges in Zhenjiang Dagang sewage plant was cultivated aerobically in 500 ml conical flasks containing sterile nutrient broth on a rotary shaker (150 rpm) at 30℃. Cells were harvested at the end of exponential phase, i.e. after 48 h incubation. After cultivation, the bacterial culture producing the most extracellular biopolymer was centrifuged at 10,000 g for 20 min at room temperature and the supernatant liquid was then decanted into three volumes of cold ethanol, shaken vigorously and held at 4℃ for 24 h. Precipitated extracellular biopolymer was freeze-dried to obtain a crude biopolymer preparation [8] , named PF-9. Stock standard solutions of metal Ni(II) containing 1000 mg/L of nickel element, were prepared from NiCl 2 ·6H 2 O analytical grade, by dissolving suitable amounts of these metal salts in distilled waster. Working metal solutions from 50.00 to 500.0 mg/L were prepared from suitable serial dilution of the stock solutions.
B. Analysis Methods
The initial concentration of the metal ions in the solution and samples after biosorption treatment were determined using Flame Atomic Absorption Spectrometer(FAAS).The pH measurements were made with a digital (InoLab pH level I) pH meter equipped with a calibrated combined pH glass electrode.
The infrared (IR) spectra of PF-9 biosorbent was obtained using Fourier Transform Infrared Spectrometer, the biosorbent was encapsulated in a KBr disk and by pressing the ground material with 8MT pressure bench press, the translucent disks were obtained. The PF-9 was analyzed by scanning electron microscopy (SEM) in JEOL microscope, using an acceleration voltage of 15.0 kV and magnification ranging from 100 to 20,000 fold.
C. Batch Biosorption Experiments
Experiments were conducted in 100-ml beaker, four milliliters of 5.0 g/L PF-9 solution was added to 36 mL metal solutions of known concentration (50-300 mg/L), shaken on an orbital shaker at 150 rpm for 120 min at room temperature (25 • C), followed by centrifugation at 5000 rpm for 5 min to separate PF-9 from the metal solution. Residual metal concentration in the supernatant metal solutions was determined by flame atomic absorption spectrometer(FAAS) analysis. Rate of metal sorption by PF-9 was determined by analyzing residual metal ions in the supernatant after contact periods of 15, 30, 45, 60, 90 and 120 min. The biosorbent dosage was varied between 1.0 and 8.0 g PF-9/L metal solution for determining the effect of sorbate to sorbent ratio for the percentage and unit metal sorbate sorption capacity of the PF-9 biosorbent. For determining the effect of pH on metal sorption by PF-9, initial pH of each metal solution was adjusted to the desired value (1.0-7.5) using 0.1 M HCl or 0.1 M NaOH. Final pH of the sorbate-sorbent sorption mixture was measured at sorption equilibrium. All the experiments were performed in triplicate.
D. Data Evaluation
From the metal concentrations measured before and after the adsorption (C 0 and C e , mg/L, respectively) and the mass of adsorbent (m,g) , as well as volume of aqueous solution (V, L), the uptake capacity of metal ion (q, mg/g) and the removal percentage (E, %) were calculated according to Eqs. (1) and (2): q = V(C 0 − C e )/ m (1) E(%) =( C 0 − C e ) ×100/C 0 (2) An adsorption isotherm describes the relationship between the amount of adsorbate uptaken by the adsorbent and the adsorbate concentration remaining in solution. There are many equations for analyzing experimental adsorption equilibrium data. The equation parameters of these equilibrium models often provide some insight into the adsorption mechanism, the surface properties and affinity of the adsorbent. In this work, the biosorption isotherm data of Ni(II) ions on PF-9 was analyzed using Langmuir, Freundlich. The Langmuir model assumes a monolayer sorption of a solute from a liquid solution [10] . The Langmuir equation is given by Eq. (3) q e = (q max K c C e )/ (1 + K c C e ) (3) Where q max is the maximum specific uptake of metal ions corresponding to the sites saturation (mg/g) and K c is an equilibrium constant (L/mg). The parameters can be determined from a linearised form of Eq. 
Where C e is the equilibrium concentration (mg/L), q e is the amount of metal ions uptake at equilibrium (mg/g).
The Freundlich model is based on sorption on a heterogeneous surface [11] . Freundlich isotherm model is represented as Eq. (5): q e = K f C e n (5) The equation may be linearised and represented by Eq. (6) lnq e = 1/n(lnC e ) +ln K f (6) Where q e is the amount of metal ions uptake (mg/g) at equilibrium, C e is the equilibrium concentration (mg/L), K f and n are the Freundlich constants indicative of adsorption capacity and adsorption intensity, respectively.
The controlling mechanism of Ni(II) uptake was investigated by fitting the experimental sorption data to pseudo-first order and pseudo-second order kinetics models. The pseudo-first order rate equation of Lagergren is represented as [12] :
Where q e and q t are the amounts of adsorbed Ni(II) ions on the biosorbent at equilibrium and at time t (respectively mg/g) and k 1 is the first-order biosorption rate constant (min
−1
). The pseudo second-order equation is also based on the sorption capacity of the solid phase and is given as: 
Where k 2 is the second-order biosorption rate constant (g/mg.min); q e is the biosorption capacity at the equilibrium (mg/g).
III. RESULTS AND DISCUSSION
A. Adsorption Mechanism Determined by FTIR and SEM Analysis
In order to determine the main functional groups of PF-9 participate in Ni(II) ions biosorption, the FTIR spectra was recorded before and after adsorption. As seen in Table 1 , The spectral analysis before and after Ni(II) ions adsorption indicated that, among eight adsorption bands, there were six significant band decreases of the functional groups on the biomass were detected at the bands of 3415, 2928, 1440, 1432, 1260, and 468 cm -1 , these bands were especially involved in Ni(II) ions adsorption.The broad and intense peak at 3415 cm −1 was assigned to the stretching of O-H group due to inter-and intramolecular hydrogen bonding of polymeric compounds, the O-H stretching vibrations occur within a broad range of frequencies indicating the presence of "free" hydroxyl groups and bonded O -H bands of carboxylic acids [13] . The band at 2928 cm −1 indicated symmetric or asymmetric C -H stretching vibration of aliphatic acids. Peak observed at 1638 cm −1 was the stretching vibration of C=O bond. Asymmetric and symmetric stretching vibrations of ionic carboxylic groups (-COO−) appeared at 1440 cm −1 and 1432 cm −1
. The peaks at 1260 cm −1 may be assigned to -SO 3 stretching, the peaks at 1145 cm −1 may be assigned to C-O stretching, the peaks at 468 cm -1 is attributed to amine groups. Consequently, the FTIR studies showed that the functional groups like bonded -OH groups ,aliphatic C-H, secondary amine, carboxyl, -SO 3 stretching and amine groups were involved in Ni(II) ions adsorption. The surface morphology of PF-9 was studied with the use of SEM. A microporous structure (Fig. 1 ) was observed at a resolution of 1500× while the image of PF-9 was taken with a particle size of 30.0 µm. The surface of PF-9 was rough and irregular with large area for metal-surface interaction, the surfaces of PF-9 after adsorption indicated that the pores and surfaces of adsorbent were covered and became smooth by adsorbate. 
B. Effect of Solution pH on Ni(II) Adsorption
Solution pH is an important parameter for the adsorption experiments. Fig.2 depicted the effect of pH on the adsorption of Ni(II) by biosorbent PF-9. The adsorption capacities were found to be low at lower pH values and increased with increase pH, and then decreased as the pH continue increasing. The optimum pH range of 5.0-6.0 was obtained for biosorbent PF-9. The effect of pH on metal ions biosorption can be explained in terms of pH PZC (The points of zero charge, abbreviated as PZC) determined by the method of Leyva-Ramos et al. proposed [14] and acidic and basic sites of the adsorbents determined by the acid-base titration method proposed by Boehm [15] . The point of zero charge (pH PZC ) of PF-9 was experimentally found to be at pH 4.5 (data not shown).At pH<pH PZC , the predominant metal species are positively charged. Therefore, uptake of metals is aM ) exchange process. At pH > pH PZC , the adsorbent surface is negatively charged, the increasing electrostatic attraction between positive sorbate species and adsorbent particles would lead to increase adsorption of metal ions. At lower pH, because H + vies with metal ion, the sorbent surface takes up more H + , reducing metal ions bind on the sorbent surface. At higher pH, the formation of anionic hydroxide complexes decreases the concentration of free metal ions, thereby the adsorption capacity of metal ions was decreased. It also can be seen that metal ion transfers from the solution to the biosorbents while the H + in the opposite direction, which caused the solution pH to diminish after adsorption. This result indicates that ion exchange mechanism is involved in the adsorption process.
C. Effect of Biosorbent Dosage
One of the parameters that strongly affects the sorption capacity is the concentration of the sorbent in the liquid phase. The influence of the solid to liquid ratio on the sorption capacity of PF-9 was investigated for the constant initial concentration of Ni(II) ions of 100 mg/L (liquid phase) and the PF-9 mass (solid phase) varied between 1.0 and 8.0 g/ L. The results are presented in Fig. 3 . Increase in the solid phase mass from 1.0 to 5.0 g/L resulted in a rapid increase in the uptake of Ni(II) ions. Further increase in the solid phase mass, however, did not result in sufficient increase in the sorption capacity of PF-9. As the difference in metal sorption capacity of PF-9 between 5.0 and 8.0 g /L solid phase mass was noted to be insignificant, the solid phase mass of 5.0 g/L was selected for further studies. Fig. 4 showed the effect of contact time on the adsorbed amount of Ni (II) by PF-9 from solutions with different initial concentrations of Ni(II) of 50, 100 mg/L and 200 mg/L at 25
D. Effect of Contact Time and Initial Concentration
• C. The Ni(II) adsorption increased rapidly with contact time in the first 30 min and attained equilibrium within 60 min. The fast-phase sorption may be explained as the passive uptake through physical adsorption, or the biosorbent surface ion exchange [15] . Because active sorption sites in a system is a fixed number and each active site can adsorb only one ion in a monolayer, the metal uptake by the sorbent surface will be rapid initially, slowing down as the competition for decreasing availability of active sites intensifies by the metal ions remaining in solution. The equilibrium could be rapidly achieved about in 60 min. It is also clear from Fig.4 that efficiency of adsorption increased with increase in initial concentration of Ni(II). The equilibrium adsorption amount of Ni(II) was found to increase from 34.7 to 77.90 mg /g as the initial concentration increased from 50 to 200 mg /L . 
E. Adsorption Kinetics
The results of the kinetics parameters for Ni (II) ions, calculated from the linear plots of pseudo-first order and pseudo-second order kinetics models were presented in Table 2 . The low correlation coefficient values obtained for the pseudo-first order model indicated that sorption of metal ions did not follow the pseudo-first order reaction. The insufficiency of the pseudo-first order model to fit the kinetics data could possibly be due to the limitations of boundary layer controlling the sorption process. The experimental data were observed to fit well to the pseudosecond order equation. 
F. Adsorption Isotherms
Adsorption isotherms describe qualitative information on the nature of the solute-surface interaction as well as the specific relation between the concentration of adsorbate and its degree of accumulation onto adsorbent surface at constant temperature. Adsorption isotherms are critical in optimizing the use of adsorbents, and the analysis of the isotherm data by fitting them to different isotherm models is an important step to find the suitable model that can be used for design purposes. The equilibrium adsorption studies were conducted using various initial Ni (II) concentrations of 50-300 mg/L at pH 5.0 at 25
• C, until equilibrium was reached. Metal nickei removing capacity of PF-9 was noted to increase with the increase in metal ion concentration in solution until it reached the maximum capacity of 82.40 mg/g for Ni (II) (Fig.  5) . The Langmuir and Freundlich constants and their correlation coefficients (R 2 ) evaluated from these isotherms for Ni (II) was given in Fig. 6 and Fig. 7 . The sorption characteristics of Ni (II) on the PF-9 followed more closely the Langmuir isotherm model than the Freundlich isotherm model. This observation is further supported by the evaluation of the respective correlation coefficients, which is a measure of how well the predicted values from a forecast model match with the experimental data.
IV. CONCLUSION
The present study demonstrated that the biosorbent produced by Pseudomonas fluorescence C-9, an extracellular biopolymer PF-9, can be a potential adsorbent for removing Ni (II) ions from environmental and industrial wastewater samples. FTIR spectra showed that the principal functional sites taking part in the sorption process included carboxyl , hydroxyl groups, -SO 3 stretching and amine groups. Scanning electron microscopic analysis demonstrated the microporous structure of the PF-9, the surfac was rough and irregular with large area for metal-surface interaction, The pseudo-second order kinetics and Langmuir adsorption isotherm models were noted be fit to the experimental data. The maximum binding capacity of Ni (II) according to Langmuir isotherm were 82.40 mg/g at pH 5.0 , shaker speed 150 rpm, at 25
